Aim: To investigate whether coeliac disease (CD) was associated with periodontitis among a nationally representative sample of US adults.
| INTRODUCTION
Periodontitis is a highly prevalent chronic inflammatory disease affecting the teeth-supporting tissues, ultimately leading to tooth loss if not diagnosed and treated. In the United States, ~50% of the population >30 years of age have periodontitis (Eke et al., 2015) . Periodontitis also has strong links to overall health and ranks among the top 100 causes of disability-adjusted life years globally (Marcenes et al., 2013) .
Chronic polyinfection with pathogenic microbes colonizing dysbiotic dental plaques adjacent to the periodontium and eliciting a host inflammatory immune response in susceptible individuals is a central feature of periodontitis (Cekici, Kantarci, Hasturk, & van Dyke, 2014; Loesche & Grossman, 2001; Nishihara & Koseki, 2004; Palmer, 2014; , 2005 .
Several risk factors have been implicated in the pathobiology of periodontitis including poor oral hygiene and tobacco use (Tonetti et al., 2015) . Periodontitis is also linked to several systemic conditions with underlying pathophysiological features related to chronic inflammation or altered immune system function including rheumatoid arthritis, atherosclerotic cardiovascular disease and diabetes mellitus. In the case of RA and DM, there is some evidence to suggest that the relationships are causally bidirectional in which the presence of each disease phenotype increases risk for development of the other condition or exacerbation of an established disease phenotype (Taylor, 2001 ).
Coeliac disease (CD) is a chronic inflammatory autoimmune disease with a prevalence of up to 1% (Lebwohl, Ludvigsson, & Green, 2015; Mardini, Westgate, & Grigorian, 2015; Rewers, 2005) . It is triggered by gluten, a glutamine-and proline-rich protein found in wheat, rye and barley. Gluten exposure in susceptible individuals induces a Tcell-and IFN-γ-mediated inflammatory reaction in the small intestine leading to a destruction of the small intestine lining. Furthermore, intraepithelial lymphocytes might play a role in the process of epithelial cell damage (Koning, 2014) .
While CD has a strong genetic component, the role of host genetics in periodontitis is equivocal and disease risk is largely driven by the intra-oral shift from bacterial symbiosis to dysbiosis. Due to the underlying chronic immune system activation and subsequent damage to mucosal barrier surfaces in the digestive tract central to CD pathophysiology, CD might increase risk for periodontitis. Alternatively, it is plausible that the underlying immune system abnormalities observed in CD might contribute to subgingival dysbiosis and/or destructive immune response to subgingival microbial exposures and subsequent clinical disease.
We are unaware of any prior investigation of the association between CD and periodontitis. The aim of this cross-sectional study was to assess whether there is an increased disease prevalence and/or se- 
| METHODS
The NHANES is a complex, multistage probability sample of US noninstitutionalized civilians beginning in 1999 and consisting of six unique data sets that have been generated in 2-year cycles (Centers for disease control and prevention; National Center for Health Statistics). Individuals were excluded if they were missing periodontal data (n = 12,503 missing, largely by design as only adults 30+ years were eligible for periodontal examinations) or serological data to test EMA or TTG (n = 427). Therefore, n = 6,661 respondents, aged 30-80 years, were included ( Figure S1 ).
| Coeliac disease
Coeliac disease as the independent variable was defined as described previously (Digiacomo, Tennyson, Green, & Demmer, 2013; RubioTapia, Ludvigsson, Branter, Murray, & Everhart, 2012b; Rubio-Tapia, Ludvigsson, Brantner, Murray, & Everhart, 2012a ) by (i) a self-report physician diagnosis of CD while on a gluten-free diet and/or (ii) an antitissue transglutaminase (tTg) antibody value >10.0 U/ml with corresponding positive/slightly positive antiendomysial (EMA) antibody (Vande Voort et al., 2009 ). Serologies were employed sequentially so as to first maximize sensitivity (tTG, with a sensitivity estimated at 98%), followed by specificity (EMA, with a specificity estimated at 99%) (Leffler & Schuppan, 2010; Rubio-Tapia et al., 2012a,b) .
Individuals classified as having CD were further classified as undiagnosed if they had serological evidence of CD without a self-report history of disease. Therefore, participants were defined as healthy (n = 6,661), undiagnosed CD (n = 34) and diagnosed CD (n = 15).
| Periodontal examination and classification
The dependent variables periodontal probing depth (PD) and clinical attachment loss (AL) were obtained by trained, registered hygienists in the full-mouth (excluding 3rd molars) at six sites per tooth (Eke, Dye, Wei, Thornton-Evans, & Genco, 2012) . Periodontal examiners received intense training followed by periodic monitoring and
Clinical Relevance
Scientific Rationale for the Study: This study adds to the literature concerning the dental manifestations of CD. It is the first study assessing a possible association between coeliac disease (CD) and periodontitis. While periodontitis is associated with numerous inflammatory diseases, CD, on the other hand, is associated with dental enamel defects and an altered oral microbiome.
Principal Findings: Individuals with CD have lower mean probing depths attachment levels, and the prevalence of periodontitis was not different among by coeliac status.
Practical Implications: These findings show trends towards reduced periodontal inflammation among individuals with CD although no differences in periodontitis were observed although the study has low statistical power due to a small number of CD cases. Further research is necessary to confirm these results, and the data presented currently can inform the design of future research studies.
recalibration against a reference examiner. The reference examiner made three visits to each dental examination team per year to ob- 
| Risk factor assessment
We considered multiple risk factors potentially relevant to both periodontitis and CD based on previous work (Arora et al., 2014; Demmer et al., 2012; Digiacomo et al., 2013; Kotsakis, Thai, Ioannou, Demmer, & Michalowicz, 2015) . These included the de- The Healthy Eating Index (HEI) score was used to assess diet quality based on participant responses to a food frequency questionnaire.
HEI-2010 total and component scores were calculated following standards set by the NIH and NCI (Wang, Leung, & Li, 2014) . The Food Patterns Equivalents Database (FPED) datasets available from the USDA were combined with NHANES dietary total nutrient intakes from the first and second day to convert foods and beverages in the Food and Nutrient Database for Dietary Studies to 37 USDA Food Patterns components. HEI-2010 serving equivalents and score were then calculated and subsequently placed into quartiles as defined by the NIH and NCI. A higher HEI score indicates healthier dietary intake relative to a lower score. Participants were also questioned about the frequency of visiting a dentist. We transformed their responses into a binary variable: dental visit within the past year versus dental visit greater than 1 year or never. We also examined the regularity of flossing as a variable of significance, categorizing it into a 4-level variable: never, rarely (1-2 times per week), moderately (3-5 times per week) and frequently (6-7 times per week). 
| Statistical analysis
Analyses were performed using SAS 9.4TM. PROC SURVEYREG and PROC SURVEYLOGISTIC were used to account for the complex sur- 
| RESULTS

| General characteristics
Participants had a mean age ± SD of 52 ± 14, and 51% were female. The overall weighted prevalence of CD in this sample was 1.08%, and the weighted prevalence estimates of diagnosed and undiagnosed CD in this sample were 0.22% and 0.86%, respectively.
Participants with CD were more likely to be White people (p = .001).
Among the undiagnosed CD population, >90% were white people whereas only 70% of diagnosed patients with CD were white people and higher percentages of those diagnosed with CD were Hispanic (20.7%) and Black people(7.08%) as shown in Table 1 . Participants with CD, undiagnosed and diagnosed CD in particular had a lower prevalence of diabetes (Table 1) although this difference was not statistically significant (Table 1) . Those with undiagnosed and diagnosed CD were more likely to have health insurance. The prevalence of moderate/severe periodontitis was 40%. People with diagnosed CD tended to floss more frequently than healthy and undiagnosed participants (p = .07), and those with diagnosed CD were also more likely to visit a dentist in the past year. Periodontitis was related to a number of risk factors including age, gender, race/ethnicity, smoking status, educational level, oral hygiene behaviours, dietary pattern, alcohol consumption and diabetes status (Tables S1 and S2 ).
Mean PD, AL and tooth loss were all higher among those with less than one dental visit per year and those who see a dentist more frequently (p < .001).
| Coeliac disease and periodontal health
Mean AL tended to be lower among individuals with CD, although this pattern was not statistically significant ( 
| DISCUSSION
To our knowledge, this is the first assessment of a possible association between periodontitis and CD. The analysis of two nationally representative samples yielded no positive but actually a consistent trend towards a negative association between CD and periodontitis.
Still, results should be interpreted with caution due to the low sample size in the CD group, which can be explained by the low disease prevalence and the study design. Anyway, the current results suggest, counter to our hypothesis, that levels of periodontal disease severity (assessed via PD) are modestly reduced among people with CD while no apparent association was observed between CD and AL levels or prevalence of periodontitis. T A B L E 1 (Continued)
The fact that our results were statistically significant for PD out- People with diagnosed CD were also more likely to have seen a dentist within the past year when compared to the healthy and undiagnosed patients with CD, and more recent dental visits were associated with lower prevalence of moderate/severe periodontitis. While 72.2% of the subjects without periodontitis had seen a dentist within the past year, only 52.8% did so in the moderate/severe periodontitis group (p < .001).
Unfortunately, we were unable to more robustly evaluate the role of access to health care due to limited data collection in this regard.
Nevertheless, our findings did account for health insurance status and a number of health behaviours of relevance to periodontal disease.
Even if unmeasured confounding were to explain the current findings, it is worth emphasizing that any increased risk for periodontitis conferred by CD appears to be potentially offset by lifestyle modifications.
This study adds to the literature concerning the dental manifestations of CD. We and others have identified patients with CD to have increased rates of dental enamel defects (Cheng, Malahias, Brar, Minaya, & Green, 2010) . These colour and structural changes may be subtle or marked (Aine, Maki, Collin, & Keyrilainen, 1990 ) and could in fact drive patients to have more intensive dental care. Furthermore, in a recent study, the oral microbiomes of healthy subjects and patients CD were compared (Tian et al., 2017) . Results showed that the microbial species that were elevated in the CD patient group were not periodontal pathogens, but primarily harmless commensal microorganisms (Bacillus, Leptotrichia, Veillonella). These observations are consistent with the findings in this study where the CD group shows no evidence for displaying more periodontitis than the healthy control group.
The current analysis demonstrates that in a cross-sectional setting, CD is associated with reduced PD s. However, despite trends for lower levels of periodontitis defined by both AL and PD, statistical significance is lacking. These results remain after adjustment for important confounders among a nationally representative sample of US men and women.
Future research in longitudinal settings can inform the temporal ordering of the emergence of autoimmunity present in CD and the development of gingival inflammation and subsequent periodontitis. Designs that can enrol larger numbers of people with CD will also be informative to enhance statistical power for detecting small effects, if they exist.
